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,QWKLVSDSHUDPRGXODUVHQVRUV\VWHPIRUUHFRUGLQJSUHVVXUHGLVWULEXWLRQ'DFFHOHUDWLRQ'DQJXODUYHORFLW\WHPSHUDWXUHDQG
KXPLGLW\ LQDVKRH LQVROH LVSUHVHQWHG7KH LQWHOOLJHQWVHQVRULQVROH LVDPHDVXUHPHQWV\VWHPWKDWFDQEHXVHG LQPHGLFDODQG
VSRUWUHODWHGILHOGV,QWHJUDWHGVHQVRUVUHFRUGSK\VLFDOSDUDPHWHUVVXFKDVDFFHOHUDWLRQDQGRUSUHVVXUHZKLFKFDQDOVREHXVHGWR
WULJJHU DQ DGGLWLRQDO IHHGEDFN V\VWHP 7KURXJK LQWHOOLJHQW DQG KLJK SHUIRUPDQW HOHFWURQLFV WKH IHHGEDFN V\VWHP LV DEOH WR
RSHUDWH LQ UHDO WLPH 7KH FRPELQDWLRQ RI LQGLYLGXDOO\ PLQLDWXUL]HG V\VWHPV ZLUHOHVV GDWD WUDQVPLVVLRQV DQG D UHFKDUJHDEOH
EDWWHU\ HQDEOHV WKH V\VWHP IRU DZLGH ILHOG RI DSSOLFDWLRQ VXFK DV IDOO SUHYHQWLRQ WUDLQLQJ DQDO\VLV DQGPRWLRQ RSWLPL]DWLRQ














+XPDQ PRYHPHQW LQ JHQHUDO DQG ORFRPRWLRQ LQ GHWDLO LV D IDVFLQDWLQJ ILOHG RI VFLHQFH DQG UHVHDUFK 7KH DPD]LQJ
IXQFWLRQDOLWLHVDQGDGMXVWPHQWVRI WKHYDULRXVSK\VLFDOFRPSRQHQWVDQGVLJQDOSURFHVVLQJKDYHDOZD\VPRYHGVFLHQWLVWV LQ WKH
EURDGHVW PHDQLQJ RI WKHZRUG 7KHZLOO WR XQGHUVWDQG WKH FRPSOH[ SURFHVVHV GXULQJ KXPDQPRYHPHQW OHG WR VWURQJ HIIRUWV
WRZDUGV WKH GHYHORSPHQW RI LQFUHDVLQJO\ VRSKLVWLFDWHGPHDVXUHPHQW WHFKQRORJLHV IRUPRQLWRULQJ QRW RQO\ WKH KXPDQPRWLRQ
LWVHOIEXWDOVR WKH LQWHUDFWLRQ WR WKHHQYLURQPHQWDQGSLHFHVRIVSRUWVHTXLSPHQWPHGLFDOGHYLFHVRU WHFKQLFDOV\VWHPVRIDQ\
NLQG0RVWPHDVXUHPHQWV\VWHPVVHUYLQJIRUWKHSXUSRVHVGHVFULEHGDUHODERUDWRU\ERXQGLHWKH\DUHLQWHQGHGWREHXVHGLQVLGH





7KLV LV SRWHQWLDOO\ WUXH HVSHFLDOO\ IRU KLJKO\ G\QDPLFPRYHPHQWV$OVR WKHPHDVXUHPHQW WLPH LV OLPLWHG GXH WR WKH IDFW WKDW
GLVWDQFHVRIPRWLRQDUHVWURQJO\OLPLWHG7KLV\LHOGVWKHQHFHVVLW\WRZKHWKHUFXWWKHPRWLRQLQWRVPDOOSRUWLRQVZDONRUUXQIRU
VHYHUDOPHWHUVRUFRQYHUWORQJGLVWDQFHPRWLRQVWRVWDWLRQDU\RQHVUXQQLQJLVSHUIRUPHGRQWUHDGPLOOVF\FOLQJRQHUJRPHWHUV
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HWF%RWKDSSURDFKHVFOHDUO\DOWHUWKHKXPDQPRYHPHQWSDWWHUQVE\HLWKHUDGGLQJNLQHWLFFRPSRQHQWVDFFHOHUDWLQJGHFHOHUDWLRQ
GXULQJ ZLWKLQ IHZ VWHSV IRU LQODE UXQQLQJ RU UHPRYLQJ WKHP QR KRUL]RQWDO DFFHOHUDWLRQ RI WKH ERG\











DQG IRUFHV LQ VSRUWV DQGPHGLFLQH &RPPHUFLDOO\ DYDLODEOH PHDVXUHPHQW V\VWHPV DQG VHQVRU SODWIRUPV DUH DEOH WR GHFUHDVH
OHQJWKDQGHIIRUWRIGHYHORSPHQWWLPHDQGDOORZVWRIRFXVRQWKHDQDO\VHVRIVWXG\UHVXOWV7KHXVDJHRIZHDUDEOHLQHUWLDOPRWLRQ
VHQVRUV DOORZV WR SHUIRUPPRWLRQ DQG JDLW DQDO\VLV RXWVLGH WKH ODERUDWRU\ >@ )RUPRELOH DSSOLFDWLRQV WZRPDMRU JURXSV RI
PHDVXUHPHQWHTXLSPHQWDUHDYDLODEOHQDPHO\LQHUWLDOVHQVRUV\VWHPVDQGPHDVXUHPHQWLQVROHV
Inertial Sensor Systems





GDWD VXFK DV (&* (0* DQG KHDUW UDWH ZKHQ H[WHQGHG ZLWK VHQVRU PRGXOHV 2YHUDOO XS WR  VHQVRUV FDQ EH XVHG
VLPXOWDQHRXVO\ WRFROOHFWGDWD:LWK WKLV IOH[LELOLW\PHDVXUHPHQWV\VWHPVFDQEHFRQILJXUHGDQGFXVWRPL]HG LQGLYLGXDOO\7KH
LQWURGXFHGPRWLRQWUDFNHUVKDYHWREHDWWDFKHGWRWKHSDWLHQWVVKRHRUDQNOHMRLQWWRHQDEOHJDLWDQDO\VLV










LQVROH 6XUUR6HQVH 253<;0HGLFDO 7HFKQRORJLHV ,QF &DQDGD WKDW DOVR UHTXLUHV DQ H[WHUQDOO\ DWWDFKHG XQLW DQDO\]HV WKH
SUHVVXUH FRQGLWLRQVEHORZ WKH VROHE\PHDQVRI HLJKW VHQVRUV/LYHIHHGEDFN FDQEHGLVSOD\HGRQ D VPDUWZDWFK DQGSURYLGHV
FXUUHQW YDOXHV DQGZDUQLQJVZKHQ UHDFKLQJ FHUWDLQ WKUHVKROGV7KHSXUSRVH RI WKH V\VWHP LV WR KHOS SDWLHQWV WKDW VXIIHU IURP
VHQVRU\ORVVXQGHUWKHIRRWGXHWRGLDEHWHVDQGDOVRWKRVHZKRKDYHDKLJKULVNRIIRRWXOFHUV7KLUWHHQFDSDFLWLYHSUHVVXUHVHQVRUV
DQGRQH'DFFHOHURPHWHUDUHWKHPDLQIHDWXUHVRIWKH2SHQ*2VHQVRULQVROH0RWLFRQ*PE+*HUPDQ\WKDWPHDVXUHVSUHVVXUH
GLVWULEXWLRQ FHQWHU RI SUHVVXUH WRWDO IRUFH DQG DFFHOHUDWLRQ 7KH NLQHWLF GDWD DVZHOO DV JDLW SDUDPHWHUV DUH XVHG IRU WUDLQLQJ
PRQLWRULQJDQGPRYHPHQWRSWLPL]DWLRQVXSSRUWLQJDWKOHWHVDQGSDWLHQWVLQUHKDE7KHV\VWHPZDVVXFFHVVIXOO\XVHGWRPHDVXUH
JDLWGLIIHUHQFHVGXULQJDIWHUFDUHRIORZHUH[WUHPLW\IUDFWXUHV>@7KHPHDVXUHPHQWUHVXOWVFDQEHHYDOXDWHGRQDQ\FRPSXWHURU
PRELOH GHYLFH WKURXJK D VRIWZDUH LQWHUIDFH (YHQ WKRXJK LW LV SRVVLEOH WR V\QFKURQL]H WKH LQVROH ZLWK IXUWKHU PHDVXUHPHQW
WHFKQRORJ\(0* LWFDQQRWEHH[SDQGHGZLWKDGGLWLRQDOXQLWV2QWKHRWKHUKDQGDOOHOHFWURQLFVDUHIXOO\ LQWHJUDWHG LQWR WKH
LQVROH)XUWKHULQVROHV\VWHPVDUH5305HPRWH3HUIRUPDQFH0HDVXUHPHQW86$7XQH.LQHPDWL[3RUWXJDODQG*DLW6KRH






GHWHFWRU 7KLV DOVR VXJJHVWV WKH DSSOLFDWLRQ LQ WUDLQLQJ IRU VSRUWV DQG UHKDELOLWDWLRQ 7KH GHYHORSPHQW KRZHYHU LV WLHG WR D
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VSHFLILF VKRH DQG FDQQRW EH XVHG IOH[LEO\ LQ HYHU\GD\ OLIH $OVR VLPLODU WR D VDQGDO DQG ZLWK DQ DGGLWLRQDO EHOW XQLW LV WKH
VROHVRXQG >@ WKDW SURYLGHV DXGLR WDFWLOH IHHGEDFN LQ UHDOWLPH IRU 3DUNLQVRQ SDWLHQWV .LQHPDWLF DQG SUHVVXUH VLJQDOV DUH




,Q FRQFOXVLRQ LQHUWLDO VHQVRU SODWIRUPV DUH DYDLODEOH WKDW RIIHUPRGXODULW\ DQG DUH XVDEOH IRU GLIIHUHQWPHDVXULQJ WDVNV LQ
VSRUWV DQGPHGLFLQH 5HFHQWPHDVXUHPHQW DQG IHHGEDFN LQVROHV DUH QRW GHVLJQHG WR EHPRGXODU RU H[SDQGDEOH IRU DGGLWLRQDO
VHQVRUDSSOLFDWLRQV0RUHRYHUWKHUHDUHRQO\IHZV\VWHPVUHDG\WRXVHLQHYHU\GD\OLIH







3.1. System Requirements 
7KHQHZPHDVXUHPHQW V\VWHP LV WR EH GHVLJQHG DVZHDUDEOHPRGXODU DQG LQWHOOLJHQW7KH DWWULEXWHwearable LQFRUSRUDWHV
UHTXLUHPHQWV DV VPDOO GLPHQVLRQV OLJKWZHLJKW DQG UREXVWQHVV DJDLQVW HQYLURQPHQWDO LQIOXHQFHV OLNH WHPSHUDWXUHV KXPLGLW\
LPSDFW VKRFNV HWF 7KHmodularity RI D PHDVXUHPHQW V\VWHP VKRXOG EH SURYHQ E\ DOORZLQJ WR HIIRUWOHVV DWWDFK VHQVRUV RI
GLIIHUHQW SK\VLFDO HIIHFWV DQG UDQJHV E\ EHLQJ DEOH WR UHJXODWH RU FRQWURO GLIIHUHQW DFWRU GHYLFHV ZKHWKHU WDFWLOH RSWLFDO RU
ZLUHOHVVDWWDFKHG7KHDWWULEXWHintelligentRIFRXUVHLVWKHPRVWKDUGWRHDUQ,QWHFKQLFDOWHUPVLQWHOOLJHQFHPHDQVWREHDEOHWR









:L)L DQG%OXHWRRWK DQGZLUHG LQWHUIDFHV VXFK DV ,&86%DQG63, WKDWPDNH WKH V\VWHPPRGXODU DQG IOH[LEOH7KH VHQVRU
DWWDFKPHQW WR WKH 6R& LV UHDOL]HG E\ DQ DGGLWLRQDO SULQWHG FLUFXLW ERDUG 3&% 7KH 3&% SURYLGHV DOO UHTXLUHG LQWHUIDFHV WR
FRQQHFW GLIIHUHQW VHQVRUV OLNH 'J\URVFRSH ' DFFHOHURPHWHU WHPSHUDWXUH DQG KXPLGLW\ VHQVRU VWUDLQ JDXJHV DQG SUHVVXUH
VHQVRUV ZKHWKHU DV VLQJOH VHQVRUV RU DV D VHQVRU DUUD\ OLNH DQ H[WHUQDO SUHVVXUH GLVWULEXWLRQ LQVROH )XUWKHUPRUH VL[ KLJK
SUHFLVLRQ$'FKDQQHOVDUHDYDLODEOH WRH[WHQG WKHVHQVRUV\VWHP7KHSUHVVXUHVHQVRUDUUD\IRUXVHDV LQVROHFRQVLVWVRIHLJKW
VLQJOHSUHVVXUHVHQVRUVWKDWDUHSODFHGXQGHUVSHFLILFDUHDVRIWKHIRRW'DWDVWRUDJHLVSRVVLEOHRQWKHV\VWHPRQDFRQQHFWHG
PRELOHSKRQHDQGWKURXJKWKDWRQDUHPRWHVHUYHURUFORXGVWRUDJH
LE:LUHOHVVPHDVXUHPHQW V\VWHP QHWZRUN 2QHPHDVXUHPHQW V\VWHP FDQ ZRUN DV D VWDQGDORQH GHYLFH )RU DSSOLFDWLRQV






LPSOHPHQWHG 7KH SUHSURFHVVLQJ IXQFWLRQV LQFOXGH IXQFWLRQDOLWLHV VXFK DV ILOWHUV LH IDVW IRXULHUWUDQVIRUPDWLRQ ))7 IRU
IUHTXHQF\ DQDO\VLV RU KLJKORZSDVV ILOWHU RU HYHQW UHFRJQLWLRQ 7KH LPSOHPHQWHG VRIWZDUH LV DEOH WR H[WUDFW PHWDGDWD WR
VLPSOLI\WKHSRVWSURFHVVLQJDQGGDWDSUHVHQWDWLRQZKLFKFDQEHGRQHLQDFORXGVHUYHURURQWKHXVHUVHQGGHYLFH7KDWPHDQV
WKDW GDWD RXWSXW IURP WKH PHDVXUHPHQW V\VWHP LV VFDODEOH IURP WKH FRPSOHWH UDZ GDWD VWUHDP WR D GRZQ VDPSOHG DQG SUH
SURFHVVHG GDWD VWUHDP WR MXVW VHQGLQJ VWDWXV LQIRUPDWLRQZKHQ UHTXLUHG 7KH VWUHDPHG GDWD LV VWRUHG LQ D GDWDEDVH ZKLFK LV






SRVVLEOH WR LPSOHPHQW DGGLWLRQDO DQDO\VLV VRIWZDUH WRROV RU SURFHVV WKH GDWD LQ VLPXODWLRQ HQYLURQPHQWV VXFK DV0DWODE7KH
UHVXOWVRIWKHVLPXODWLRQDQGWKHGDWDIXVLRQSURYLGHWKHEDVLVWRGHYHORSDOJRULWKPVIRUWKHVHFRQGOHYHORIDEVWUDFWLRQ:LWKWKLV
VHFRQG OHYHO DQ DGYDQFHG JUDSKLFDO XVHU LQWHUIDFH *8, LV DYDLODEOH %DVHG RQ WKH SUH DQG SRVWSURFHVVLQJ DQG GDWDIXVLRQ
DOJRULWKPVDSSOLFDWLRQVSHFLILFYLVXDOL]DWLRQVLVLPSOHPHQWHG7KHVHSDUDPHWHUVFDQEHXVHGE\VSHFLDOLVWVLHSK\VLFLDQVLQWKH
PHGLFDORUFRDFKHVLQWKHVSRUWILHOGWRJLYHUHFRPPHQGDWLRQV7KHKLJKOHYHORIDEVWUDFWLRQLVWKHHQGXVHUVLQWHUIDFHZKLFKLVD
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
)LJ DKRXVLQJ EFXVWRPVHQVRU3&%ZLWKVROHFRQQHFWRU FEDWWHU\ G ,QWHO(GLVRQ6R& H UXQQLQJVKRHZLWK LQVROHDQGPHDVXUHPHQWV\VWHP I
LQVROHFRQQHFWHGWRPHDVXUHPHQWV\VWHP
LL6RIWZDUHDWKHHPEHGGHGGHYLFH,QWHO(GLVRQUXQVDUHDOWLPHOLQX[RSHUDWLQJV\VWHP7KLVDOORZVDPRGXODUGHVLJQWR











E7KH&ORXGSURFHVVLQJVRIWZDUH LV± OLNH WKHHPEHGGHGVRIWZDUH±KLGGHQIURPWKHXVHU ,W LVDOVRZULWWHQ LQ&7KH
VRIWZDUHUXQVRQDVHUYHU3&$OOFDSWXUHGGDWDFDQEHVWRUHGRQWKHFORXGVHUYHUWKDWLVFRQQHFWHGWRWKHLQWHUQHW$OOGHYLFHVWKDW
DUHFRQQHFWHGWRWKLVVHUYHUFDQUHDGDQGSURFHVVWKHPHDVXUHPHQWGDWD7KLVDOORZVDUHPRWHDFFHVVWRWKHVHQVRUQHWZRUN









7KH V\VWHP FRPELQHV WKH DGYDQWDJHV HJ IOH[LELOLW\ DQG FRQQHFWLYLW\ RI VHQVRU SODWIRUPV ZLWK LQVWUXPHQWHG LQVROH
DSSOLFDWLRQV DQG VROXWLRQV GDWDSURFHVVLQJ DQG GHGXFWLRQ RI PHWDGDWD %H\RQG WKDW LW SURYLGHV D SRZHUIXO VFDODEOH DQG
SURJUDPPDEOH SURFHVVLQJ XQLW DQG WKH RSWLRQ RI LPSOHPHQWLQJ DFWXDWRUV RU GLVSOD\ RSWLRQV DFFRUGLQJ WR WKH UHTXLUHPHQWV
PHQWLRQHGLQ,WLVDEOHWRPHDVXUHVLPXOWDQHRXVO\GLIIHUHQWNLQHPDWLFDQGNLQHWLFSDUDPHWHUV)XUWKHUVFDODEOLOLW\LVDFKLHYHG
E\ WKHRSWLRQRIEXLOGLQJDZLUHOHVVQHWZRUN WRPRQLWRUPXOWLSOH VHQVRUQRGHV VLPXOWDQHRXVO\7KHKLJKGHPDQGV LQ WHUPVRI
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FRPSXWLQJSRZHUIRUSUHSURFHVVLQJDUHPHWE\WKHFKRVHQ6R&'XHWRWKHFORXGFRQQHFWLYLW\WKHPHDVXUHPHQWGDWDLVDYDLODEOH
DW DQ\ WLPH IURP DQ\ GHYLFH 7KLV LV XVHIXO IRU WUDLQLQJPRQLWRULQJ DQG FRQWURO LQ VSRUWV DQG SDWLHQWPRQLWRULQJ LQPHGLFDO
DSSOLFDWLRQV/DVWWKHRSHUDWLRQWLPHFDQEHLQIOXHQFHGE\VFDOLQJHLWKHUWKHFRPSXWLQJSHUIRUPDQFHRUWKHEDWWHU\FDSDFLW\7KH
KLJKOHYHORIIOH[LELOLW\LQPDQ\DVSHFWPDNHVWKHV\VWHPmodular
7KH IOH[LELOLW\RI WKH V\VWHPV LQ WHUPVRI VHOIRUJDQ]LHGPXOWLQRGHQHWZRUNVZDV VXFFHVVIXOO\ LPSOHPHQWHG WKH]RRPLQJ
$'& DGDSWV WR WKH VLJQDO UDQJH WR FRQVWDQWO\ DFKLHYH WKH KLJKHVW SRVVLEOH FRQYHUVLRQ SUHFLVLRQ7KH V\VWHP GHWHFWV SRVVLEOH
RSWLRQVIRUGDWDVWRUDJHRQERDUGFRQQHFWHGPRELOHGHYLFHFORXGVWRUDJHDQGFKRVHVWKHDSSURSULDWHGHVWLQDWLRQLQUHVSHFWRI
DYDLODELOLW\7KHDXWRPDWLFDGDSWDWLRQRSWLRQVFRXOGEHFRQVLGHUHGintelligentLQUHVSHFWRIWKHXVHLQWHFKQLFDOHQYLURQPHQWV




7KHZHDUDEOHPRGXODUDQG LQWHOOLJHQW VHQVRU ODERUDWRU\SUHVHQWHGKDVEHHQVXFFHVVIXOO\ LPSOHPHQWHG7KHXVHRID UREXVW
LQGXVWULDOZLUHOHVV VWDQGDUG LQ FRPELQDWLRQZLWK VHQVRU QHWZRUN WHFKQRORJLHV DQG VHQVRU GDWD IXVLRQ RIIHUV WKH SRVVLELOLW\ WR
















>@%UDXQ-%%XVKXYHQ(+HOO59HLWK17%XVFKEDXP-+ROVWHLQ-+3RKOHPDQQ7$QRYHO WRRO IRUFRQWLQXRXV IUDFWXUH
DIWHUFDUH&OLQLFDOIHDVLELOLW\DQGILUVWUHVXOWVRIDQHZWHOHPHWULFJDLWDQDO\VLVLQVROH,QMXU\±























$QGUHD6( 6WDURELQHWV29 6RURQG )$ HW DO 6XEVHQVRU\ YLEUDWLRQV WR WKH IHHW
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